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MUSIC THERAPY IN THE ALLEVIATION OF THE FIRST NIGHT EFFECT 
 
MICHAEL KOLESNIK 
 
ABSTRACT 
 The first night effect (FNE) has been described as a phenomenon that affects 
sleep quality as measured by objective parameters by polysomnography (PSG) tests that 
show decreased sleep efficiency, rapid eye movement (REM) sleep, total sleep time and 
increased sleep latencies and REM latencies. Music therapy has been an effective tool in 
treating anxiety in a number of patient populations as well as helping patients improve 
sleep quality when measured by questionnaires administered pre and post intervention. It 
is hypothesized that music therapy may help alleviate the FNE by improving sleep 
quality and the current study investigates this music intervention by observing objective 
parameters through PSG. A total of ninety-eight subjects completed the study of 
determining effectiveness of intervention in a recently constructed sleep laboratory at 
Boston Medical Center. Results have shown that there are no significant improvements in 
the sleep parameters investigated: sleep latency, sleep efficient, non-REM sleep, REM 
sleep, REM latency, time spent awake after initial sleep onset, arousal index, and total 
sleep time in the total population examined. Men and subjects that did not receive night-
time respiratory treatments showed longer REM latencies when an intervention was 
involved. At this time, there is no reason to suggest that music therapy can help improve 
sleep quality on the first night in sleep laboratories when sleep quality is assessed using 
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objective parameters. Further studies investigating anxiety levels and looking at 
particular patient populations on the first night pre and post music intervention may help 
determine the true efficacy of music intervention in helping lessen the FNE. 
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INTRODUCTION 
 
Sleep 
 Sleep is traditionally divided into stages which constitute non-rapid eye 
movement (nREM) sleep and rapid eye movement (REM) sleep. There are four stages in 
nREM sleep, each of which has different brain wave patterns associated with them as can 
be measured through electroencephalogram (EEG) readings (Colten, Altevogt, & 
Research, 2006). Stage 1 is the shortest in the sleep cycle and constitutes the smallest 
percentage of the total sleep cycle throughout a night. The majority of sleep is spent in 
the second stage which is defined by distinct brain wave patterns such as K-complexes 
and sleep spindles which can be identified through recordings (Colten et al., 2006). The 
third and fourth stages are regarded as slow-wave sleep stages and are marked by the 
slow-waves that accompany those stages on recordings. The four stages listed are all part 
of nREM sleep. REM sleep is defined by faster wave activity, rapid ocular movements, 
and catatonic body state. REM sleep is the sleep associated with dreaming. A person 
during a typical night will cycle through these stages with REM sleep becoming more 
pronounced towards the end of a night (Colten et al., 2006).   
First Night Effect 
 The first night effect (FNE) has been described objectively as the presence of 
markedly increased sleep latencies, longer periods of time spent in nREM sleep, and 
increased changes in sleep stages during the first night visit at a sleep laboratory (Agnew, 
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et al., 1966). Further studies have shown significant differences in REM sleep latencies, 
which decreased after the first night (Moser, et al., 2010). Studies involving 
polysomnography (PSG) have shown that alpha wave recordings have been associated 
with wakefulness; this activity has been shown to decline between the first and second 
nights, which indicates a shorter sleep onset time (SOP) (Tamaki, et al., 2005). The same 
study mentioned that the reasons for the FNE can be due to a change in sleeping 
environment, discomfort due to electrodes placed on the subject’s head, being kept under 
watch by researchers or technicians, and/or reactions due to being in a novel environment 
(Tamaki, et al., 2005). These stressors would activate the wake system as shown by alpha 
wave recordings; the sleep system, which is responsible for the activation of sleep, is 
disturbed and the FNE is observed. It has been suggested that performing sleep tests at 
home may alleviate the FNE or eliminate it; studies in healthy control subjects having 
sleep tests performed at home have shown similar effects of habituation as compared 
with what is seen in sleep laboratories indicating no significant differences (O. Le Bon et 
al., 2001). A study in primary insomniacs has shown that those with elevated anxiety 
levels were more likely to show a FNE which is consistent with the reasons that the FNE 
would be present in the first place (Riedel, Winfield, & Lichstein, 2001). However, it has 
also been shown that in adults who report low anxiety and whose ability to adapt to a 
novel environment is high still exhibit a delayed SOP highlighted by increased alpha 
wave recordings on the first night of recording compared with subsequent nights (Tamaki, 
Nittono, & Hori, 2005). It has been discovered that benzodiazepines reduce anxiety and 
can promote sleep onset while at the same time decreasing REM and slow-wave sleep; a 
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placebo may however have the same anxiety reducing effect while not reducing REM 
sleep and may have less interference with sleep and decrease the FNE in a more natural 
way (Suetsugi, et al., 2007).  
 One study conducted on young healthy participants showed that there was a 
significant FNE and that one of the most variable parameters across nights was REM 
latency; this was assessed over the course of several nights and shown that adaptability to 
a novel environment is greater in these subjects and the FNE is only displayed on the 
“very first night” as subsequent first nights, after returning to the laboratory following an 
extended period away, are marked by a lower FNE (Lorenzo & Barbanoj, 2002). The 
significance of this study is that a FNE may not be present if patients or participants have 
already visited a sleep lab before and would have increased sleep quality. This study, 
however, only examined young participants who were not present with any sleep 
disorders. Other groups, such as those with chronic fatigue syndrome (Le Bon et al., 
2003), apnea/hypopnea (O Le Bon et al., 2000), generalized anxiety disorder (Saletu et al., 
1996), insomnia and depression (Toussaint et al., 1995) have been observed with a 
significant FNE; at this time, only the patients with apnea/hypopnea have a FNE which 
may impact the diagnosis and treatment of their disorder.  It has also been observed that 
patients with insomnia have a significantly more pronounced FNE than patients with 
depression (Toussaint et al., 1995). Earlier studies have also shown older patients have a 
more pronounced FNE as compared with younger subjects; older subjects had longer 
sleep latencies, decreased sleep efficiency and a disruption of the REM cycle (Webb & 
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Campbell, 1979). Differences between age groups were not as pronounced during 
subsequent nights.  
A study was conducted on several groups of patients with sleep-related 
respiratory diagnoses, patients with insomnia, movement and behavioral disorders and a 
healthy control group; these subjects were tested for the variability in sleep parameters 
between nights and it was determined that a global FNE is observed when total sleep time 
(TST), sleep efficiency, and REM sleep time increased and REM latency decreased 
between the first and second nights of recording (Newell, et al., 2012). The use of split-
night PSGs have been increasingly used in sleep laboratories to diagnose sleep related 
breathing disorders and to start an intervention of continuous positive airway pressure 
(CPAP); this allows for a one night stay for patients and decreases economic healthcare 
cost (Newell et al., 2012). On examination of patients with apnea/hypopnea it was found 
that there is a clearly demonstrated FNE with decreased sleep efficiency, REM sleep, 
increased sleep latency, and REM latency; the FNE observed had an effect on the 
diagnosis on apnea/hypopnea as more severe respiratory events co-occurred with better 
sleep quality (O Le Bon et al., 2000). Additionally, another study examining the 
apnea/hypopnea index (AHI) in patients suffering from sleep-related breathing disorders 
showed that fifteen percent of patients examined had varied significantly in their 
examination of the AHI between the first and second nights; the study showed that 
though one night may be sufficient to diagnose most sleep-related breathing disorders, 
some of the most severe cases may be missed due to the “night-to-night variability” 
(Gouveris, et al., 2010). A study specifically focused on the FNE of snorers in China 
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observed a small FNE and concluded that one night may suffice to diagnose a sleep 
apnea disorder (Ma et al., 2011). The variability in analysis of the FNE in the assessment 
and diagnosis of sleep disorders requires that more studies be conducted into whether one 
night may enough for diagnosis. For the time being, split night studies are regarded to be 
effective in diagnosing sleep disorders and it is noted that the current study should not 
affect the diagnosis of sleep disorders through proposed manipulation of the FNE. 
Another phenomenon that has been observed in select populations is the reverse 
first night effect (RFNE) which has been described as increased sleep quality as 
measured by lowered sleep latencies, increased sleep efficiencies, increased percentage of 
REM sleep and decreased REM latencies (Hauri & Olmstead, 1989). The RFNE has been 
mainly observed in patients suffering from insomnia and reasoning was given that these 
patients have developed an arousal reaction when sleeping in their home environment; 
when these patients were brought to the laboratory they slept better and exhibited the 
RFNE (Hauri, 1983). An alternative hypothesis was put forth that most patients when 
entering a sleep laboratory suffer from too much sensory stimulation and thus exhibit a 
FNE while patients with insomnia generally exhibit not enough sensory stimulation when 
sleeping at home; by this virtue patients with insomnia should have enough stimulation in 
the sleep laboratory to assist them in falling asleep faster and maintain better sleep quality 
throughout a night (De la Pena, 1978). Recently, newer studies have suggested that the 
RFNE in some patients with insomnia may be in part due to a diagnosis of major 
depressive disorder (McCall & McCall, 2012). The RFNE would be important to account 
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for in any patients specifically suffering from insomnia when either examining the FNE 
or in attempting to treat insomnia.   
Recently, studies have shown that the FNE can actually exist for more than one 
night; it is observed that as NREM sleep increases by a significant amount between the 
first and second night, rapid eye movement (REM) sleep does not increase proportionally 
by the same amount (O. Le Bon et al., 2001). This study shows that REM sleep may 
cause habituation to a normal sleep cycle to take longer than if only NREM sleep was 
examined. REM sleep is of importance because it is key in being able to promote 
modified emotion responses during wakefulness; this is achieved through the reward 
functions of the brain during sleep (van der Helm & Walker, 2009). Consequently, 
lowered amounts of REM sleep during a sleep laboratory visit may negatively influence a 
patient’s emotions especially if they must sleep in a new environment the following night. 
The consequence of these investigations has resulted in and confirmed a typical sleep 
laboratory procedure of discarding the results of the electroencephalogram (EEG) 
recordings or PSG recordings of the first night while some sleep laboratories do not even 
record on the first night (Agnew et al., 1966).  
Music Therapy 
Music therapy is an already employed technique for the enhancement of sleep 
quality for patients in clinical settings. A study surveying nurses in the Midwestern 
United States has shown that 69.6% of those surveyed had been using music therapy in 
their practice and reported that music therapy is useful in reducing anxiety and enhancing 
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sleep quality (Gagner-Tjellesen, et al., 2001). A separate study showed that 25.2% of 
participants in a sleep and health survey were using music to promote sleep on a regular 
basis (Morin, et al., 2006). Music therapy may be a viable option in improving the quality 
of sleep of patients as it is cheap, portable, and can be self-administered (Mornhinweg & 
Voignier, 1995). A survey conducted in Finland researching the variables that help 
promote or disturb sleep found that the second most important factor as listed by 
respondents in positively influencing sleep was music (Urponen, et al., 1988). 
Additionally, music therapy has been established as an anxiety reducing method 
in several other fields including when music was played during labor to reduce 
postpartum anxiety (Simavli et al., 2013), to women in domestic violence shelters 
suffering from anxiety (Hernández-Ruiz, 2005), to patients undergoing a port catheter 
placement procedure (Zengin et al., 2013), to older patients living with psychiatric 
disorders (Castelino, et al., 2013), and to patients undergoing surgery under regional 
anesthesia (Sven-Olof Trängeberg & Stomberg, 2013). These studies suggest that music 
therapy is valuable tool in helping to reduce anxiety in patients undergoing stressful and 
often novel procedures or increasing the comfort level to those placed in stressful 
situations.  
A meta-analysis was conducted involving several studies observing the effects of 
music therapy on sleep quality; it was determined that music therapy improves the quality 
of sleep in patients in a number of different populations, including those with back pain, 
recovering coronary bypass surgery patients, those in a battered women’s shelter, the 
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elderly and in university students who complained of sleep problems (De Niet, et al., 
2009). The measure used to assess sleep quality in these patients was the Pittsburg Sleep 
Quality Index (PSQI) measure, which showed that, when compared to a control group, 
self-reports of sleep quality improved with the application of music therapy (Table 1) (De 
Niet et al., 2009). Additionally, music therapy has been shown to improve the quality of 
sleep in mental health patients in a psychiatric ward (when compared to both a control 
group and a stimulus control group); additionally, this practice was shown to be 
applicable to the population of mental health patients in the psychiatric ward and is 
relatively inexpensive (De Niet, et al., 2011). These studies all employed a subjective 
measure of sleep quality that patients responded to; no objective parameters studying 
brain-wave activity were monitored.  
A second meta-analysis of music therapy on sleep quality was conducted that 
reaffirmed the results of the first meta-analysis by providing evidence of an additional 
five studies (Wang, Sun, & Zang, 2014). This review also added that a music intervention 
should be in place for at least three weeks in order for chronic changes to occur. 
Additionally, in order for music to be most effective it must range in the 60-80 beat per 
minute range; music is also specific to the population it is played to as select populations 
may exhibit more of a positive effect if they are more familiar with the genre of music 
(Wang et al., 2014). This review did note that only sleep efficiency was examined as an 
objective measure with PSQI and other subjective measures used to assess sleep quality.  
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 A study conducted on healthy young adults with no sleep issues showed that 
subjects with longer sleep latencies had improved sleep quality on the second and third 
nights of sleep; the third and fourth stages of sleep were significantly higher for the 
subjects with longer sleep latencies while no significant differences were found for the 
subjects with shorter sleep latencies (Chen et al., 2013). Music therapy may be a viable 
option in improving sleep quality for patients who have trouble falling asleep quickly; the 
increase in stage 3 and 4 sleep that was highlighted in this study is important for the 
recovery of the body (Chen et al., 2013).  
One study involving PSG measures found that music therapy does not decrease 
sleep latencies and does not improve sleep efficiency as compared with controls; this 
seems to be contradictive of earlier studies showing sleep quality improvement with 
music therapy (Lazic & Ogilvie, 2007). The same study stated that if only subjective 
measures such as the PSQI were used to measure sleep quality, then the results would 
show that music therapy is a credible intervention to improve sleep quality; but when 
compared to objective measures of sleep latency, sleep efficacy, and amount of REM and 
NREM sleep there were no significant differences (Lazic & Ogilvie, 2007). However, 
this study did not measure the results of the music therapy intervention during the first 
night of sleep.  
Music therapy has also been shown to be effective in improving adherence rates 
to CPAP intervention is patients with obstructive sleep apnea (Smith, et al., 2009). CPAP 
is reported by patients to be difficult to adjust to and is the common source of non-
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adherence to treatment. The study showed that instructions on the use of CPAP treatment 
as well as the soothing music played afterwards increased patient adherence to the 
treatment (Smith et al., 2009). It is unknown if the music had any effect on other sleep 
variables that may have influenced patients to be more compliant with their treatment.  
 One study had shown that although music therapy did not appear to 
decrease pain in postoperative patients, there has been a larger exhibited positive effect of 
decreased stress responses in patients who were allowed to choose music from a set of 
choices rather than one being provided for them (Leardi et al., 2007).  
Subjective and Objective Sleep Parameters 
 The relationship between a patient’s subjective sleep quality and the objective 
parameters of sleep architecture has been shown to not coincide. In a study conducted on 
patients with insomnia and sleep apnea, it has been shown that there is mismatch of the 
two reports; patients with insomnia were shown to underestimate the amount of time they 
spent in sleep and overestimated their sleep latency (Bianchi, et al., 2013). Additionally, 
in the same study, patients with sleep apnea had less apparent mismatch of subjective and 
objective sleep data. This data shows that mismatch of the two parameters can have an 
effect on whether or not a given treatment may be effective in improving a given sleep 
parameter.  
 Gender plays a mixed role in the evaluation of subjective sleep. One study 
looking at patients with insomnia and healthy controls found that there were no 
significant differences between both objective and subjective evaluations of sleep when 
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comparing men and women; patients with insomnia and healthy controls differed in their 
sleep parameters between groups, as expected, but no in-group differences were observed 
(Voderholzer, et al., 2003). A study describing sleep habits in older adults had also shown 
that older men are more likely to evaluate their sleep in terms of objective parameters 
having closer relationships with PSG tests, while older women may be defining their 
sleep using different conditions, which are currently unknown but may be related to 
hormones (Vitiello, Larsen, & Moe, 2004). This observed gender difference may 
highlight the difference in how the different sexes report their subjective sleep. 
 The disparity of objective and subjective sleep has important consequences in the 
diagnosis of sleep disorders as well as the assessment of sleep quality in general. While, a 
patient may be inclined to say that they have a sleep problem or that a particular 
treatment has been effective for them, raw data as performed through PSG may suggest 
otherwise. Both subjective and objective sleep may give information into a patient’s sleep 
quality. In this study, only objective data will be analyzed in the intervention used. 
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Table 1- Effect of music interventions of sleep quality. Scores from the Pittsburg Sleep Quality Index and Richards-
Campbell Sleep Questionnaire from multiple studies show statistically significant imporvements in sleep quality for subjects 
placed in a music therapy group. (Table taken from (De Niet el al., 2009) 
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SPECIFIC AIMS AND OBJECTIVES 
 As stated previously, the occurrence of FNE causes patients to have decreased 
sleep efficacy and have poorer sleep quality; additionally it causes sleep laboratories to 
discard data that could have been collected during the first night. By eliminating or 
minimizing the effect from the FNE, it may be possible to collect valuable data from a 
patient’s first night visit and could be used to improve a patient’s sleep quality in general.  
 The goal of this study is to examine the effect of music therapy on the treatment 
of FNE in a general clinical sleep laboratory population. No specific group will be 
targeted for this study but gender, age group differences, study type and subjective sleep 
quality differences will be examined as part of analysis. In addition, few limiting 
parameters will be made for study inclusion in order to maximize the similarity of the 
study subjects to a general clinical population presenting at a sleep disorders center that 
may be interested in receiving a music therapy intervention to help increase sleep quality. 
In particular, this study aims to determine relationships between a reduction in sleep 
latency, increase in sleep efficacy, increase in REM and NREM sleep, decrease in 
wakefulness, reduction in REM latency, decrease in arousal index and the intervention of 
music therapy. These objective measures will be measured using PSG data. PSQI scores 
will be obtained for participants to evaluate the self-reported sleep quality of subjects and 
their even distribution among the intervention and control groups.  
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 Relationships between music therapy intervention effectiveness and appearance of 
sleep respiratory events will be examined as the study will be run in a sleep disorders 
center where the diagnosis and treatment of sleep respiratory disorders often occurs.  
 This study is being conducted in order to determine whether music therapy is a 
viable option for sleep laboratories to improve patient sleep quality. In order to maximize 
any possible effects of music therapy intervention, subjects in this study will be allowed a 
choice of music from a variety of genres. Additionally, the intent is to determine if the 
intervention with the FNE will provide more data and shorten patient stay in a sleep 
laboratory, which results in reduced costs. Finally, no studies have been conducted 
examining the use of music therapy, an already existing therapeutic sleep quality 
improving approach, on the FNE with PSG data.  
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METHODS 
Subjects 
 Patients who came into the sleep laboratory for their regularly scheduled sleep test 
were recruited on the spot in face-to-face interactions prior to PSG set-up. It was 
determined prior to the start of recruitment that a sample size of 100 can support the 
detection of a standardized effects size of 0.57, a moderate effect according to Cohen, 
with 80% power at a two-sided alpha of 0.05.  
Patients who fit criteria, as assessed by sleep technicians, were approached prior 
to the start of their sleep test and asked if they would be interested in participating. Those 
who agreed to participate were included in the sample size. Inclusion criteria were: aged 
18 or older, English speaker, and referred for polysomnography tests at Boston Medical 
Center Sleep Disorders Center. Exclusion criteria were: patients who were hearing 
impaired or referred to the sleep laboratory for a Multiple Sleep Latency Test (MSLT), 
Adaptive servo-ventilation (ASV) titration, or full EEG setup. The study procedure, 
informed consent document, and PSQI questionnaire were presented and explained to 
each prospective subject.  
Questionnaire 
 Subjects filled out the PSQI questionnaire to assess subjective sleep quality. The 
PSQI contains 19 questions and assesses a subject’s sleep duration, sleep disturbance, 
sleep latency, daily dysfunction, sleep efficiency, overall sleep quality, and necessity for 
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sleep medication. The subscales can have a score that ranges from zero to three with the 
total score having a range of zero to twenty one. Higher scores (>5 overall) are indicative 
of poor sleep quality. The validity of this instrument has been established for research 
activities (Buysse, et al., 1989). Subjects completed this questionnaire prior to the set-up 
of polysomnography and were told they did not have to complete the part of the 
questionnaire regarding a family member’s observation of sleep habits of the subject. 
Subjects were notified that the questionnaire was a measure of their subjective sleep 
quality. 
Sleep Lab and Polysomnography 
 The Boston Medical Center Sleep Disorders Center was used for the recruitment 
of subjects and for data collection. The sleep lab contained twelve patient rooms, several 
offices and a monitoring center. Each patient room was furnished with a bed, chair, and 
television and had an individual bathroom. Rooms were all approximately the same size 
with the exception of pediatric rooms which were slightly larger. Some subjects of this 
study had their sleep studies conducted in pediatric rooms due to technician convenience; 
all beds were the same size. The temperature in each room was set to a patient’s 
preference and could be controlled by the patient. Video cameras focused on the patient’s 
beds monitored the patient’s throughout the night. An intercom system was in place that 
allowed for two-way communication between the monitoring center and each patient’s 
room. 
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 PSG was set-up according Boston Medical Center guidelines using EEG (F3-A2, 
F4-A1, C3-A2, C4-A1, O2-A1, O1-A2), electromyography (EMG1-submental), ocular 
movements (ROC-A2, LOC-A1), an oral and nasal airflow monitor, nasal pressure 
monitor and snore microphone, thoracic and abdominal belts to measure respiratory effort, 
and a finger probe to measure arterial oxygen saturation. PSG was performed using an 
18-channel montage for scoring. Electrode placement sites were determined using the 
standard 10-20 system. Sleep test results were scored visually using 30 second epochs 
and scoring was completed in three parts: 1) specification of sleep stages, 2) detection 
and measure of respiratory events and limb movements, and 3) detection of micro-
arousals.  
 The objective sleep parameters were defined as Total Sleep Time (TST; minutes 
of time in sleep), Sleep Latency (SL; minutes after onset of sleep), Sleep Efficiency (SE, 
percent of total sleep time/total recording time), REM sleep (percent of minutes of REM 
sleep/total sleep time), NREM sleep (percent of minutes in NREM sleep/total sleep time), 
REM latency (RL, minutes until REM onset after initial onset of sleep), wake after sleep 
onset (WASO, minutes spent awake after initial sleep onset and prior to final awakening), 
and arousal index (AI, number of arousals per hour of sleep).  
Music Intervention 
 A subject in the music intervention group would have a choice of one of five 
pieces of music that were approximately thirty minutes in length. Music choices were: 
“Piano Concerto No.5 in E-flat major” by Beethoven (Classical), “When Joanna Loved 
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Me” by Paul Desmond (Jazz), “Inner Peace” by Steven Halpern (Electronic Synthesizer), 
“Tarashanti” by Georgia Kelly (Harp), or “30 min of relaxing guitar” by 
OnlineMeditation (Guitar). Music was chosen due to its inclusion or similarity to that 
used in previous studies and by variety in genres that would appeal to subjects. The music 
was played on portable CD speaker systems that were located in a subject’s room and 
volume was adjusted to each subject’s preference prior to the initiation of intervention. 
All music choices played for approximately 30 minutes. The intervention was started 
when all necessary calibrations of polysomnography equipment were completed.   
Procedures 
The protocol of this study was approved by the Institutional Review Board at 
Boston Medical Center. Informed consent was obtained from subjects. The principal 
investigator was on-site for all days of data collection. Polysomnography recordings were 
made between Sunday and Friday between the months of September and December 2013. 
Technicians spoke with the subjects to explain the procedure of set-up and recording. The 
subjects were then approached prior to the set-up to have the study explained to them, 
obtain informed consent and fill out the PSQI questionnaire. Subjects would then be 
randomized in permitted blocks of 2 and 4 into a music or control group. After the 
completion of the PSQI questionnaire, subjects would be notified of which group they 
were randomized into. Subjects in the music intervention group would be allowed to 
choose one of five prerecorded songs to play for 30 minutes at the start of their sleep test. 
Participants in the music intervention group were notified that they would not be able to 
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watch television in order to minimize sensory stimulation. A licensed sleep technician 
would prepare the set-up of the subject and monitor them throughout the night. If 
necessary, sleep technicians would initiate CPAP treatment to patients who qualified 
based on the amount of respiratory events that they exhibited. The principal investigator 
was present at the sleep lab for the duration of the music playing for all music 
intervention subjects for any troubleshooting needs. Two qualified PSG technicians 
scored the studies without knowledge of the experiment specifics or group assignment. 
Data was presented to the author of this paper with all identifiers removed. 
Statistical Analysis 
 Independent samples t-tests will be run for PSQI scores on variables of gender, 
age group, and intervention to test for variability of scores between groups and determine 
equal distribution among groups. A one-way ANOVA will be run for PSQI scores with a 
variable of study type to test for the variability among study types. Data will be 
transformed using logarithms of the original dependent variable data in order to attempt 
to make the data fit a normal curve. Shapiro-Wilk tests will be used to assess for 
normality on both transformed and untransformed data. Mann-Whitney U tests will be 
used on the data to test for significance of the intervention as well as to examine any 
subgroup differences of sleep data for gender and age group. The same tests will be run 
with subgroups of gender, age group, and study type. A one-way ANOVA will be run to 
examine subgroup differences of sleep data for study type.  Univariate regression models 
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will be used to test for subgroup interactions. Significance was calculated using a p-value 
of <.05. All data was analyzed using SPSS software (Version 20.0; IBM Corp).  
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RESULTS 
Subjects 
 Data was obtained for ninety-eight subjects: fifty one females and forty seven 
males. Eighty-two adult subjects (18-64 years of age) and sixteen geriatric subjects (65+) 
participated in the study with a mean age of 50.06 and standard deviation of 14.11. 
Subject’s ages ranged from 21 to 79. Fifty one subjects had full-night polysomnography 
tests, thirty four had split night studies and thirteen subjects received titration treatments 
for apnea or hypopnea via CPAP shortly after baseline recordings. One subject withdrew 
due to discomfort with polysomnography equipment and one subject withdrew due to 
dislike for musical options presented. PSQI scores for two subjects could not be 
calculated because of subjects having difficulty in answering questions. The average 
PSQI score for subjects was 9.98 with a standard deviation of 4.93. This indicates that 
most subjects (n=74, 77%) reported themselves as poor sleepers having PSQI scores 
mostly in the middle (poor) range. There were no significant differences in PSQI scores 
for gender (t=-0.13, p=0.90), age group (t=1.34, p=0.20), intervention (t=0.91, p=0.37), 
or between study types (F(2,93)=0.271, p=0.74).  
 Of the forty eight subjects that received the music treatment, eighteen selected the 
classical piece, eleven selected jazz, thirteen selected guitar, four selected the synthesizer 
piece, and two selected the harp music. None of the participants noted in being familiar 
with the music presented.  
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Normality Tests 
Five subjects that completed this study did not enter REM sleep during the night 
and thus have a null REM latency score and will not be included in the analysis; those 
subjects REM and nREM percentage scores will still be analyzed. 
 Shapiro-Wilk tests run on the dependent variables yielded that the data was 
skewed and did not follow normality rules (Table 2). Only the music intervention for the 
total sleep time parameter (p=.675) yielded data following the normal curve. 
Transformed data showed more normality with results showing normality in the music 
intervention for SL (p=.421), REM sleep (p=.708), REM latency (p=.819), WASO 
(p=.117) and AI (p=.525) parameters as well as the control group for SL (p=.081), REM 
sleep (p=.322), WASO (p=.089), and AI (p=.665) parameters. Despite the higher degrees 
of normality on the transformed data compared with untransformed data, Mann-Whitney 
U tests will be run for better statistical analysis. Untransformed data will be reported in 
tables to highlight the actual sleep data that was obtained while only transformed data 
will be analyzed due to its higher degree of normality.  
Analysis of Subgroups 
 Subgroups of gender did not report any significant differences of sleep parameters 
when analyzed without taking into account intervention: SL (U=1001.0, Z=-1.093, 
p=.274), SE (U=1155.0, Z=-.309, p=.757), nREM sleep (U=1095.0, Z=-.736, p=.462), 
REM sleep (U=945.0, Z=-1.020, p=.308), RL (U=930.0, Z=-1.139, p=.255), WASO 
(U=1178.0, Z=-.146, p=.255), AI (U=969.5, Z=-1.629, p=.103), and TST (U=1036.0, Z=-
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1.156, p=.248). Age group analysis showed significant differences for the parameters of 
SE (U=357.0, Z=-2.874, p=.004), nREM sleep (U=355.0, Z=-2.894, p=.004), REM sleep 
(U=309.5, Z=-2.616, p=.009), AI (U=416.0, Z=-2.307, p=.021), and TST (U=391.5, Z=-
2.542, p=.011) with non-significant differences occurring for SL (U=517.5, Z=-1.205, 
p=.228), RL (U=393.5, Z=-1.714, p=.087), and WASO (U=473.0, Z=-1.759, p=.079). 
Higher means in significant differences were reported in regards to age group in adults 
for objective parameters of SE, REM sleep, and TST. No significant differences were 
found for sleep parameters in examining the one-way ANOVA results of study type: SL 
(F(2,93)=.268, p=.765), SE (F(2,95)=.440, p=.645), nREM sleep (F(2,95)=1.744, p=.180), 
REM sleep (F(2,90)=1.067, p=.348), RL (F(2,90)=.075, p=.928), WASO (F(2,95)=1.772, 
p=.176), AI (F(2,95)=2.027, p=.137), and TST (F(2,95)=.842, p=.434). Untransformed 
data to show actual sleep parameters is presented in Table 3.  
Intervention Analysis for All Subjects 
 The Mann-Whitney U tests reports that there were no statistically significant 
differences between the music intervention and control for any objective parameter: SL 
(U=1101.0, Z=-.374, p=.709), SE (U=1100.0, Z=-.711, p=.477), nREM sleep (U=1165.5, 
Z=-.245, p=.806), REM sleep (U=1068.0, Z=-.100, p=.920), RL (U=855.0, Z=-1.737, 
p=.082), WASO (U=1101.5, Z=-.700, p=.484), AI (U=1063.0, Z=-.974, p=.330) and TST 
(U=1155.0, Z=-.320, p=.749) (Table 4).  
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Intervention Analysis by Subgroups 
 Division of the data into subgroups of gender yielded a statistically significant 
result of REM latency for males (U=132.5, Z=-2.561, p=0.010) showing that the 
intervention had a negative effect on REM latency and that male participants in the music 
intervention group took longer to reach REM sleep than control participants. All other 
parameters were non-significant for males: SL (U=253.0, Z=-.210, p=.834), SE (U=266.0, 
Z=-.192, p=.848), nREM sleep (U=231.5, Z=-.928, p=.354), REM sleep (U=207.0, Z=-
.811, p=.418), WASO (U=259.5,Z=-.311, p=.741), AI (U=263.0, Z=-.256, p=.798), TST 
(U=236.5, Z=-.821, p=.412); and females: SL (U=299, Z=-.224, p=.823), SE (U=274.0, 
Z=-.909, p=.364), nREM sleep (U=260.5, Z=-1.164, p=.244), REM sleep (U=259.5, Z=-
.791, p=.429), RL (U=298.5, Z=-.010, p=.992), WASO (U=289.0, Z=-.625, p=.532), AI 
(U=265.5, Z=-1.070, p=.285), and TST (U=303.5, Z=-.350, p=.726) (Table 4).  
 Analysis of the data by subgroups of age range yielded no statistically significant 
results for adult or geriatric subjects. Analysis of adult subjects yielded: SL (U=791.5, 
Z=-.039, p=.969), SE (U=686.0, Z=-1.416, p=.157), nREM sleep (p=806.5, Z=-.297, 
p=.766), REM sleep (U=765.0, Z=-.137, p=.891), RL (U=590.5, Z=-1.850, p=.064), 
WASO (U=685.0, Z=-1.425, p=.154), AI (U=704.0, Z=-1.249, p=.212), and TST 
(U=834.0, Z=-.042, p=.967). Geriatric subject data yielded: SL (U=19.0, Z=-.964, 
p=.335), SE (U=26.0, Z=-.170, p=.865), nREM sleep (U=23.0, Z=-.510, p=.610), REM 
sleep (U=13.0, Z=-1.268, p=.205), RL (U=14.0, Z=-1.133, p=.257), WASO (U=23.0, Z=-
.510, p=.610), AI (U=22.0, Z=-.624, p=.533), TST (U=26.0, Z=-.170, p=.865) (Table 5).  
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Division of the data into subgroups by study type yielded one statistically 
significant result of subjects in the full-night study procedure for the RL parameter 
(U=181.5, Z=-2.188, p=.029). This significant result shows that subjects receiving a 
music intervention in the full-night procedure had a negative effect on their REM latency 
and took longer to reach REM sleep than control subjects. Analysis for other subgroups 
and parameters yielded no statistically significant results. The full-night study procedure 
patients showed results of: SL (U=231.5, Z=-1.564, p=.118), SE (U=244.0, Z=-1.526, 
p=.127), nREM sleep (U=288.0, Z=-.697, p=.486), REM sleep (U=237.5, Z=-1.032, 
p=.302), WASO (U=257.5, Z=-1.272, p=.203), AI (U=301.0, Z=-.452, p=.651) and TST 
(U=292.0, Z=-.622, p=.534); split night participants showed: SL (U=92.5, Z=-1.791, 
p=.073), SE (U=143.0, Z=-.052, p=.959), nREM sleep (U=137.0, Z=-.258, p=.796), 
REM sleep (U=120.0, Z=-.576, p=.564), RL (U=132.0, Z=-.144, p=.885), WASO 
(U=141.0, Z=-.121, p=.904), AI (U=129.0, Z=-.534, p=.593) and TST (U=124.5, Z=-.689, 
p=.491); CPAP titration subjects showed: SL (U=11.0, Z=-1.056, p=.291), SE (U=16.0, 
Z=-.586, p=.558), nREM sleep (U=9.5, Z=-1.539, p=.124), REM sleep (U=9.0, Z=-1.380, 
p=.167), RL (U=11.0, Z=-1.056, p=.291), WASO (U=18.5, Z=-.220, p=.826), AI 
(U=15.0, Z=-.732, p=.464), and TST (U=14.0, Z=-.878, p=.380).  
Between Subjects Interactions 
In the examination of between subjects effects, there were no observed between 
subjects effects for the interaction of gender and study type in the dependent variables: 
SL (F(2,90)=.075, p=.928), SE (F(2,92)=2.551, p=.084), nREM sleep (F(2,92)=2.707, 
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p=.072), REM sleep (F(2,87)=.824, p=.442), RL (F(2,87)=.470, p=.627), WASO (F(2,92), 
p=.345), AI (F(2,92)=.325, p=.723), and TST (F(2,92)=2.210, p=.115). There was one 
observed statistically significant interaction of gender and age group in TST 
(F(1,94)=5.669), p=.019). All other sleep parameters had no observed significant 
differences: SL (F(1,92)=.070, p=.792), SE (F=1,94)=3.657, p=.059), nREM sleep 
(F(1,94)=.091, p=.763), REM sleep (F(1,89)=1.570, p=.214), RL (F(1,89)=1.107, 
p=.296), WASO (F(1,94)=1.483, p=.226), and AI (F(1,94)=2.249, p=.137). A statistically 
significant difference was observed in the interaction of age group and study type for SE 
(F(2,92)=8.074, p=.001) and TST (F(2,92)=5.838, p=.004). No other significant 
differences were observed in the interaction of age group and study type for the 
dependent variables: SL (F(2,90)=.643, p=.528), nREM sleep (F(2,92)=1.004, p=.370), 
REM sleep (F(2,88)=1.514, p=.222), RL (2,88)=.279, p=.599), WASO (F(2,92)=1.052, 
p=.354), and AI (F(2,92)=2.393, p=.097).  
In the observing interactions between intervention and gender, there was a 
significant interaction of intervention and gender for the parameter of RL (F(1,89)=4.088, 
p=.046). There were no other significant differences in the interaction of gender and 
intervention: SL (F(1,92)=.133, p=.716), SE (F(1,94)=.002, p=.962), nREM sleep 
(F(1,94)=1.453, p=.231), REM sleep (F(1,89)=1.749, p=.189), WASO (F(1,94)=.022, 
p=.881), AI (F(1,94)=.121,p=.729), TST (F(1,94)=.019, p=.891). Observing interactions 
for intervention and study type revealed no significant interactions: SL (F(2,90)=2.606, 
p=.079), SE (F(2,92)=2.236, p=.113), nREM sleep (F(2,92)=.943, p=.393), REM sleep 
(F(2,87)=1.620, p=.204), RL (F(2,87)=1.933, p=.151), WASO (F(2,92)=.693, p=.503), 
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AI (F(2,92)=.157, p=.855), and TST (F(2,92)=1.564, p=.215). In observing the 
interaction of intervention and age group it was found that there were no significant 
interactions: SL (F(1,92)=.003, p=.956), SE (F(1,94)=.574, p=.451), nREM sleep 
(F(1,94)=.535, p=.466), REM sleep (F(1,89)=.544, p=.463), RL (F(1,89)=.001, p=.981), 
WASO (F(1,94)=1.063, p=.305), AI (F(1,94)=.075, p=.785), and TST (F(1,94)=.003, 
p=.956).  
Table 2 – Untransformed and Transformed Data Normality Tests 
Untransformed Data Transformed Data 
 
Intervention vs 
Control 
Shapiro-Wilk Shapiro-Wilk 
Statistic df Sig. Statistic df Sig. 
Sleep 
latency 
Music .808 46 .000 .975 46 .421 
Control .780 47 .000 .955 45 .081 
Sleep 
efficiency 
Music .936 46 .014 .886 46 .000 
Control .873 47 .000 .765 45 .000 
nREM 
sleep 
Music .934 46 .012 .887 46 .000 
Control .930 47 .008 .888 45 .000 
REM 
sleep 
Music .934 46 .012 .982 46 .708 
Control .930 47 .008 .971 45 .322 
REM 
latency 
Music .901 46 .001 .985 46 .819 
Control .861 47 .000 .879 45 .000 
WASO 
Music .898 46 .001 .960 46 .117 
Control .820 47 .000 .956 45 .089 
Arousal 
Index 
Music .909 46 .002 .978 46 .525 
Control .760 47 .000 .981 45 .665 
Total 
Sleep 
Time 
Music .982 46 .675 .920 46 .004 
Control .949 47 .041 .847 45 .000 
 
 
 
28 
 
Table 3. – Untransformed data of sleep parameters in overall population and subgroups with significance calculated for 
transformed data 
 
Variable Overall Gender  Age Group  Study Type   
  Male 
(n=47) 
Female 
(n=51) 
p Adult 
(n=82) 
Geriatric 
(n=16) 
p Full-
night 
(n=51) 
Split 
(n=34) 
Titration 
(n=13) 
F p 
Sleep 
latency 
(min) 
21.79± 
21.73 
19.25± 
19.05 
23.99± 
23.90 
.274 20.23± 
20.02 
29.34± 
28.57 
.228 22.73± 
22.14 
20.72± 
23.06 
20.39± 
17.42 
.268 .765 
Sleep 
efficiency 
(%) 
78.13± 
14.88 
78.76± 
14.80 
77.55± 
15.08 
.757 80.26± 
13.10 
67.20± 
18.82 
.004 79.42± 
14.01 
76.77± 
15.37 
76.67± 
17.55 
.440 .645 
nREM 
sleep (%) 
81.31± 
9.24 
81.08± 
9.06 
81.54± 
9.49 
.462 80.28± 
9.07 
86.63± 
8.49 
.004 82.17± 
8.84 
79.11± 
10.12 
83.77± 
7.72 
1.744 .180 
REM 
sleep (%) 
18.67± 
9.24 
18.91± 
9.06 
18.46± 
9.49 
.308 19.71± 
9.07 
13.36± 
8.49 
.009 17.83± 
8.84 
20.89± 
10.12 
16.22± 
7.73 
1.067 .348 
REM 
latency 
(min) 
137.39± 
81.14 
129.43± 
80.46 
144.54± 
81.91 
.255 130.08± 
75.44 
178.61± 
101.48 
.087 140.53± 
88.65 
134.89± 
73.87 
131.71± 
74.27 
.075 .928 
WASO 
(min) 
63.98± 
53.07 
63.48± 
52.89 
64.44± 
53.75 
.255 57.07± 
42.55 
99.41± 
82.67 
.079 57.20± 
48.48 
71.27± 
54.56 
71.54± 
66.15 
1.772 .176 
AI 26.85± 
17.35 
28.93± 
15.95 
24.94± 
18.50 
.103 25.32± 
16.98 
34.70± 
17.64 
.021 25.41± 
16.07 
30.25± 
18.41 
23.65± 
19.32 
2.027 .137 
TST 
(min) 
331.22± 
66.62 
337.64± 
69.23 
325.31± 
64.23 
.248 340.15± 
59.81 
285.44± 
81.94 
.011 338.21± 
64.53 
228.71± 
68.66 
310.42± 
69.75 
.842 .434 
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Table 4- Untransformed data for intervention analysis for overall population and subgroups by gender with 
significance values calculated for transformed data 
 
 
 
 
 
 
 
 
 
 
 
Variable Overall Gender 
 Music 
(n=48) 
Control 
(n=50) 
p Male 
Music 
(n=25) 
Male 
Control 
(n=22) 
p Female 
Music 
(n=23) 
Female 
Control 
(n=28) 
p 
Sleep 
latency 
(min) 
19.42± 
16.40 
23.93± 
25.82 
.709 
17.02± 
13.87 
21.80± 
23.72 
.834 
22.02± 
18.75 
25.61± 
27.67 
.823 
Sleep 
efficiency 
(%) 
77.84± 
13.50 
78.41± 
16.23 
.477 
78.72± 
14.17 
78.81± 
15.81 
.848 
76.88± 
12.97 
78.10± 
16.84 
.364 
nREM 
sleep (%) 
81.30± 
8.32 
81.34± 
10.13 
.806 82.32± 
8.91 
79.68± 
9.23 
.354 80.20± 
7.67 
82.64± 
10.76 
.244 
REM 
sleep (%) 
18.70± 
8.32 
18.66± 
10.13 
.920 17.67± 
8.91 
20.32± 
9.23 
.418 19.81± 
7.68 
17.35± 
10.77 
.429 
REM 
latency 
(min) 
147.89± 
76.63 
127.12± 
84.89 
.082 
160.94± 
92.08 
94.93± 
46.91 
.010 
134.85± 
56.36 
153.12± 
99.62 
.992 
WASO 
(min) 
64.73± 
47.79 
63.26± 
58.16 
.484 64.20± 
49.26 
62.66± 
57.91 
.741 65.30± 
47.24 
63.73± 
59.42 
.532 
AI 26.91± 
13.88 
26.80± 
20.27 
.330 29.00± 
15.60 
28.86± 
16.71 
.798 24.63± 
11.65 
25.19± 
22.86 
.285 
TST (min) 334.18± 
64.02 
328.39± 
69.56 
.749 342.28± 
70.56 
332.36± 
68.96 
.412 325.37± 
56.29 
325.27± 
71.12 
.726 
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Table 5- Untransformed data for intervention analysis for age subgroup with significance values calculated for 
transformed data 
 
Variable Age Group 
 Adult 
Music 
(n=43) 
Adult 
Control 
(n=39) 
p Geriatric 
Music 
(n=5) 
Geriatric 
Control 
(n=11) 
p 
Sleep 
latency 
(min) 
19.62± 
17.19 
20.91± 
22.95 
.969 
17.70± 
7.39 
34.64± 
33.22 
.335 
Sleep 
efficiency 
(%) 
78.86± 
12.75 
81.82± 
13.46 
.157 
69.07± 
18.08 
66.35± 
19.95 
.865 
nREM 
sleep (%) 
80.86± 
7.95 
79.65± 
10.23 
.766 85.06± 
11.42 
87.34± 
7.37 
.610 
REM sleep 
(%) 
19.14± 
7.95 
20.35± 
10.24 
.891 14.92± 
11.43 
12.66± 
7.36 
.205 
REM 
latency 
(min) 
138.70± 
64.65 
120.80± 
85.48 
.064 
223.30± 
127.61 
153.78± 
81.55 
.257 
WASO 
(min) 
62.26± 
43.34 
51.35± 
41.47 
.154 86.00± 
80.51 
105.50± 
86.76 
.610 
AI 25.44± 
12.65 
25.19± 
20.92 
.212 39.48± 
19.07 
32.52± 
17.45 
.533 
TST (min) 340.52± 
61.00 
339.76± 
59.26 
.967 279.60± 
70.24 
288.09± 
89.85 
.865 
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Table 6- Untransformed data for intervention analysis for study type subgroup with significance values calculated for 
transformed data 
Variable Study Type 
 Full-night 
Music 
Full-night 
Control 
p Split Music Split 
Control 
p Titration 
Music 
Titration 
Control 
p 
Sleep 
latency 
(min) 
24.25± 
18.45 
21.14± 
25.72 
.118 
12.79± 
10.36 
28.65± 
29.26 
.073 
16.80± 
16.04 
22.63± 
18.92 
.291 
Sleep 
efficiency 
(%) 
76.32± 
15.46 
82.63± 
11.79 
.127 
79.21± 
11.08 
74.33± 
18.75 
.959 
81.07± 
11.02 
73.92± 
20.88 
.558 
nREM 
sleep (%) 
82.91± 
7.50 
81.40± 
10.15 
.486 79.39± 
10.12 
78.83± 
10.42 
.796 79.42± 
4.01 
86.49± 
8.43 
.124 
REM sleep 
(%) 
17.09± 
7.50 
18.60± 
10.16 
.302 20.59± 
10.13 
21.18± 
10.42 
.564 20.58± 
4.01 
13.49± 
8.43 
.167 
REM 
latency 
(min) 
163.62± 
87.62 
115.44± 
84.57 
.029 
127.19± 
60.30 
142.15± 
85.96 
.885 
135.50± 
54.00 
129.00± 
90.27 
.291 
WASO 
(min) 
66.02± 
55.06 
48.02± 
39.59 
.203 64.77± 
38.79 
77.77± 
67.43 
.904 57.90± 
42.48 
80.06± 
79.09 
.826 
AI 25.74± 
13.99 
25.06± 
18.27 
.651 29.25± 
13.58 
31.25± 
22.64 
.593 25.04± 
16.35 
22.79± 
22.01 
.464 
TST (min) 331.12± 
74.71 
345.58± 
52.45 
.534 340.12± 
53.23 
317.29± 
81.33 
.491 329.90± 
41.32 
298.25± 
83.22 
.380 
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DISCUSSION 
 The main idea of this study was to examine the effects of music therapy on the 
objective parameters of sleep during the first night in the assessment of the therapy on the 
FNE. As results show, music therapy had no significant effect on the improving sleep 
quality as measured by PSG. These results are consistent with the study examining 
improvement of sleep parameters through music therapy which found no significant 
improvements of sleep quality (Lazic & Ogilvie, 2007). This study adds that music 
therapy is ineffective in improving sleep quality as measured by PSG objective data on 
the first night. As observed, the sleep parameters did not fit a normal curve and even 
when results were transformed using logarithms, only some parameters became 
normalized. This higher degree of variability of sleep data on the first night signifies that 
there is considerable difficulty in applying one treatment that may improve sleep quality 
for an entire general clinical population. While previous studies examining subjective 
data show that there were improvements in sleep quality (Mornhinweg & Voignier, 1995) 
(Lai & Good, 2005) (De Niet et al., 2009), different criteria were used to come to these 
conclusions and took subject self-report as the primary tool for assessment. It is 
hypothesized that music therapy has no effect on the FNE in a clinical population 
reporting for sleep studies.  
 In the subgroup analysis of gender, age group and study type was noted that 
significant differences were found for men for RL and full-night procedure subjects for 
RL. In both of these cases, music therapy increased RL thus decreasing observed sleep 
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quality. It can be noted that there were no significant differences between men and 
women on sleep parameters or between any study types on the parameters as well. The 
results of the subgroup analysis of gender and age group differences coincide with earlier 
studies examining sleep quality where few significant differences existed between 
genders and many significant differences were observed between young and old subjects, 
with older adults having poorer sleep quality as measured by PSG (Buysse et al., 1991). 
Similarly, there were no significant differences in the subjective perceptions of sleep 
between age groups as would have been predicted by the same study as adaptability to 
perception of sleep quality comes with age. 
 Interestingly, there were no significant differences between study types when 
examining sleep data without taking intervention into account. It is known that CPAP 
treatment improves sleep quality, specifically influencing the AI and TST in patients who 
adhere to the treatment (Somiah et al., 2012). The data in the current study seems to 
contradict the findings of Somiah (2012) but it should be noted that data for CPAP 
treatments currently were collected over a one-night period compared with other studies 
which collect data over a longer period of time. Additionally, the distribution of subjects 
between study type groups is not uniform as a majority of subjects were in the full-night 
procedure group which may contribute to lack of significance between groups.   
 As no subjective measures were used to assess sleep quality post-intervention, the 
degree of comparison of subjective and objective measures could not be assessed. PSQI 
measures that were taken prior to intervention were solely used to assess whether there 
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were between-group effects of good and poor sleepers. There were no significant 
differences between any subgroups and PSQI score assessment confirming good 
randomization of intervention groups. In any further analysis of the music therapy 
intervention, equal distribution of PSQI scores is necessary regardless of subjects’ 
reported sleep quality.  
 The clinical laboratory in which this study was conducted had a high patient 
population that presented for obstructive sleep apnea. As such, research has suggested 
that this particular population would have shorter SL; subjects with enlarged tonsils 
which may contribute to sleep apnea were reported have lower SE, increased RL and 
lower amounts of REM sleep (Singhal, et al., 2014). This data would suggest that the 
results of the current study may have been affected because of subjects presenting with 
obstructive sleep apnea. Sleep apnea increases daytime dysfunction and sleepiness and as 
such, patients will fall asleep faster but will generally have poorer sleep quality during 
the night. While the data of the current study has not compared subjects with diagnosed 
sleep apnea against those without, it can be said that music therapy has not contributed 
towards the improvement of sleep quality for the parameter of SL. The study by Singhal 
(2014) adds that CPAP treatments alter sleep patterns for patients and specifically 
decrease WASO and increase REM sleep. This was not observed in the current study. 
 The study was conducted in a recently built laboratory in Boston Medical Center 
and none of the subjects in this study had previously had a sleep study conducted at that 
location. As such, the “very first night” effect holds true in this case, even though 
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subjects had reported having previous sleep studies. The laboratory may have been in 
some ways similar to other laboratories in which subjects had sleep studies done; 
however, the current study regards this laboratory as a novel environment. As stated in 
previous research, RL has one of the highest degrees of variability among subjects who 
presented with a FNE (Lorenzo & Barbanoj, 2002). In this study, both significant results 
for the intervention in men and full-night study procedure were from the parameter of RL. 
The significance of these results may be better explained by the disparity of results of RL 
during the FNE than by the intervention.  
 The procedures of the study called for music being played only during the first 30 
minutes of bedtime after calibration of PSG equipment was achieved. One of the primary 
goals of this was to influence SL and TST. As reported, music therapy did not influence 
these factors in the general population nor in the subgroups analyzed. The length of 
music played was similar to that of other studies using subjective measures and music 
choices were comparable along with subjects being able to choose music from a list 
rather than being assigned a piece of music (De Niet et al., 2009). It may be possible that 
playing music for a longer period of time or throughout a full night may influence 
objective sleep data, but for the given length of 30 minutes there is no data to support any 
positive effect.  
 One of the subgroups of study type was the split night group and as mentioned 
this group received both baseline recordings and CPAP titrations in the same night to 
determine effectiveness of the treatment. While this is common practice in sleep 
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laboratories and in this clinical laboratory was instituted in thirty-four subjects during this 
study, it should be noted that this practice may have influenced the results. When patients 
are administered CPAP, technicians take care as to not wake the patient when fitting 
them with the mask; patients may wake up as this is a change from their previous 
environment and some patients report having discomfort with the mask. This practice 
may direct influence SE, WASO, TST, AI, nREM sleep, and REM sleep. No significant 
findings were observed in the subgroup analysis of the split night group or between study 
type procedure groups but the effect of waking the patient during CPAP administration 
must be taken into account. While thirty-four subjects is a moderate sample size to 
observe any effects of an intervention, a greater sample size would be needed to confirm 
this. 
As having a sleep test done may be a stressful and anxiety inducing, the FNE may 
have an anxiety component to it. In this study, while it was hypothesized that music may 
have decreased patient anxiety levels in the population studied, there was no measure for 
this and could not be assessed. Even if anxiety was decreased in subjects it can be said 
that anxiety is only one of many components contributing to the FNE and music alone 
will not aid the population studied. Additionally, it is hypothesized that music may have 
contributed to the FNE in the study as the only significant differences in sleep quality 
were found to decreased sleep quality in select subgroups. In this case, earlier studies 
may hold true and that extra sensory information may in fact hinder sleep in most people 
while in select populations, such as patients with insomnia and patients with depression, 
be helpful in influencing sleep (De la Pena, 1978). 
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Limitations 
 This study contains a number of limitations that would argue for a repeat of the 
study under different conditions. Most limitations are in regards to the financial, time and 
laboratory constraints placed on the researcher. Firstly, the population examined was a 
general clinical population. While it is important to examine effects in a broader 
population, the results showed that there is no significance in the intervention in this 
broad population. Additionally, while this was a broad population, all subjects 
participating in the study were referred to the sleep laboratory for the possibility of a 
sleep disorder signifying that the population studied did not contain any healthy controls. 
As stated previously, a majority evaluated their sleep as poor according to the PSQI and 
thus a music intervention may not be enough to improve sleep quality, especially if the 
problem has to do with apnea/hypopnea. Secondly, the population examined had few 
inclusion and exclusion criteria. The goal of limiting the criteria for inclusion and 
exclusion was to create a general clinical population. However, a variety of factors may 
have contributed to observation of the reported effects including not controlling for 
caffeine consumption, prescription drugs, over-the-counter drugs, recreational drugs, 
general sleep patterns, napping during the day, alcohol consumption, nighttime rituals, 
etc. While, the sample size was deliberately larger than other music intervention studies, 
the above listed factors may have contributed to the reporting of results. Thirdly, 
participants were recruited on-the-spot upon entering for their sleep test and the 
additional research may have contributed to their anxiety level. All eligible patients had 
the option not to participate in the study so, understandably, those who chose to 
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participate should have lower anxiety levels; since anxiety was not measured prior to the 
initiation of the study or after completion, anxiety may have been a factor in this study. 
Additionally, since subjects elected whether or not to participate they may have known 
prior whether the music intervention may have been effective in improving sleep quality 
based on their own sleeping patterns. Fourthly, this study only examined the effects of 
music therapy in the alleviation of the first night effect using objective criteria. As 
explained previously, sleep quality can be characterized through both objective and 
subjective measures both of which hold equal validity in the assessment of sleep. If a 
subjective measure was used either by itself or in combination with the objective 
measures, it is possible that different results may be observed. Fifthly, music selected for 
subjects was unfamiliar to the subjects and may have not had as great an effect on 
improving sleep quality as something that the subjects may be accustomed to or knew 
worked better form them. The music chosen for the study had either been previously used 
in research or music was selected for variability in order to appeal to a broader audience, 
but this music may have not been effective for the given population. Sixthly, subjects that 
were tested had a variety of different tests performed on them, including those who 
received CPAP treatments and those that did not. Though these participants were 
included because of their contribution to the general clinical population model of the 
research and these groups were individually analyzed for effects, it is notable to state that 
a larger population of only one study type may have exhibited an effect of intervention. 
Seventhly, data analyzed was not normal even when transformed and thus Mann-Whitney 
U tests were used for analysis. The assumptions for the test are weaker and this is a test 
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primarily for use in skewed data (Kitchen, 2009) and while properly used for this study, it 
should be acknowledged that for further research it would be necessary to pick a 
population that would yield more normal data so stronger tests can be performed in 
analysis.  
Further Research 
 Future studies looking into this topic would require looking at individual 
subgroups that may have more of an effect when treated with the music therapy 
intervention during the first night, particularly those living with insomnia as this group 
was not examined during the current study. Additional subgroups, such as healthy 
controls should be analyzed and compared to the clinical population studied to assess for 
differences. Groups that showed significance in sleep parameters, such as men and those 
who underwent full-night procedures without CPAP, should also be tested to assess if 
significance holds across multiple studies or if they were unique only to this study.  
 In order to best assess whether music therapy could be helpful for the FNE, future 
studies should include pre and post-study questionnaires to determine how music affected 
subjective sleep. It is recommended to devise a questionnaire that is specific to one night 
of a sleep study as the PSQI assesses sleep quality over a longer period of time. The 
questionnaire should include questions about perceived efficacy of the music treatment as 
well as questions regarding a subjects anxiety levels. Comparisons of objective and 
subjective sleep data may give insight as to what determines sleep quality and if the 
intervention is useful.  
 
40 
 
 Additional studies should test the variety and usefulness of different kinds of 
music, lengths of the music and the environment in which the music is played. Other 
research should focus on the adherence and comfort with CPAP titrations on the first 
night especially with the increased use of split night studies.  
Conclusions 
 The results of this study show that music therapy is not an effective tool in 
improving sleep quality if sleep quality is defined only through PSG measures. While this 
study contained a number of limitations there is no evidence, based on this and other 
objective measure studies involving music therapy, to implement music therapy in sleep 
laboratories. This is not a conclusive statement as future research will look into different 
subgroups with more controlled parameters to further determine the validity of the above 
conclusion. This study looks into helping sleep laboratories and patients coming in for 
sleep studies by attempting to mitigate the first night effect which has not been explored 
in depth. The study is important in its continuation to finding resources for diagnostic and 
research sleep laboratories in improving its conditions to help with diagnosis of disorders 
as well as creating a better environment for patients. Additionally, this study adds to the 
disparity of the definition of sleep quality as well as how it may be improved which 
should be investigated further. In determining proper interventions for the improvement 
of sleep in a clinical population, it is important to assess individual patient preferences 
and notice trends in current interventions which may aid sleep and effectively help 
diagnose patients with any disorders. 
 
41 
 
REFERENCES 
Agnew, H. W., Webb, W. B., & Williams, R. L. (1966). The First Night Effect: An Eeg 
Studyof Sleep. Psychophysiology, 2(3), 263–266.  
Bianchi, M. T., Williams, K. L., McKinney, S., & Ellenbogen, J. M. (2013). The 
subjective-objective mismatch in sleep perception among those with insomnia and 
sleep apnea. Journal of Sleep Research, 22(5), 557–568.  
Buysse, D. J., Reynolds, C. F., 3rd, Monk, T. H., Berman, S. R., & Kupfer, D. J. (1989). 
The Pittsburgh Sleep Quality Index: a new instrument for psychiatric practice and 
research. Psychiatry Research, 28(2), 193–213. 
Buysse, D. J., Reynolds, C. F., 3rd, Monk, T. H., Hoch, C. C., Yeager, A. L., & Kupfer, 
D. J. (1991). Quantification of subjective sleep quality in healthy elderly men and 
women using the Pittsburgh Sleep Quality Index (PSQI). Sleep, 14(4), 331–338. 
Castelino, A., Fisher, M., Hoskyns, S., Zeng, I., & Waite, A. (2013). The effect of group 
music therapy on anxiety, depression and quality of life in older adults with 
psychiatric disorders. Australasian Psychiatry: Bulletin of Royal Australian and 
New Zealand College of Psychiatrists, 21(5), 506–507.  
Chen, C.-K., Pei, Y.-C., Chen, N.-H., Huang, L.-T., Chou, S.-W., Wu, K. P., … Wu, C.-
K. (2013). Sedative Music Facilitates Deep Sleep in Young Adults. The Journal 
of Alternative and Complementary Medicine.  
Colten, H. R., Altevogt, B. M., & Research, I. of M. (US) C. on S. M. and. (2006). Sleep 
Physiology.  
 
42 
 
De Niet, G., Tiemens, B., Lendemeijer, B., & Hutschemaekers, G. (2009). Music-assisted 
relaxation to improve sleep quality: meta-analysis. Journal of Advanced Nursing, 
65(7), 1356–1364. 
 De Niet, G., Tiemens, B., van Achterberg, T., & Hutschemaekers, G. (2011). 
Applicability of two brief evidence-based interventions to improve sleep quality 
in inpatient mental health care. International Journal of Mental Health Nursing, 
20(5), 319–327.  
Gagner-Tjellesen, D., Yurkovich, E. E., & Gragert, M. (2001). Use of music therapy and 
other ITNIs in acute care. Journal of Psychosocial Nursing and Mental Health 
Services, 39(10), 26–37. 
Gouveris, H., Selivanova, O., Bausmer, U., Goepel, B., & Mann, W. (2010). First-night-
effect on polysomnographic respiratory sleep parameters in patients with sleep-
disordered breathing and upper airway pathology. European Archives of Oto-
Rhino-Laryngology, 267(9), 1449–1453.  
Hauri, P. J. (1983). A cluster analysis of insomnia. Sleep, 6(4), 326–338. 
Hauri, P. J., & Olmstead, E. M. (1989). Reverse first night effect in insomnia. Sleep, 
12(2), 97–105. 
Hernández-Ruiz, E. (2005). Effect of music therapy on the anxiety levels and sleep 
patterns of abused women in shelters. Journal of Music Therapy, 42(2), 140–158. 
Kitchen, C. M. R. (2009). Nonparametric vs parametric tests of location in biomedical 
research. American Journal of Ophthalmology, 147(4), 571–572.  
 
43 
 
Lai, H.-L., & Good, M. (2005). Music improves sleep quality in older adults. Journal of 
Advanced Nursing, 49(3), 234–244. 
Lazic, S. E., & Ogilvie, R. D. (2007). Lack of efficacy of music to improve sleep: A 
polysomnographic and quantitative EEG analysis. International Journal of 
Psychophysiology, 63(3), 232–239.  
Le Bon, O., Hoffmann, G., Tecco, J., Staner, L., Noseda, A., Pelc, I., & Linkowski, P. 
(2000). Mild to moderate sleep respiratory events: one negative night may not be 
enough. Chest, 118(2), 353–359. 
Le Bon, O., Minner, P., Van Moorsel, C., Hoffmann, G., Gallego, S., Lambrecht, L., … 
Linkowski, P. (2003). First-night effect in the chronic fatigue syndrome. 
Psychiatry Research, 120(2), 191–199.  
Le Bon, O., Staner, L., Hoffmann, G., Dramaix, M., San Sebastian, I., Murphy, J. R., … 
Linkowski, P. (2001). The first-night effect may last more than one night. Journal 
of Psychiatric Research, 35(3), 165–172.  
Leardi, S., Pietroletti, R., Angeloni, G., Necozione, S., Ranalletta, G., & Del Gusto, B. 
(2007). Randomized clinical trial examining the effect of music therapy in stress 
response to day surgery. British Journal of Surgery, 94(8), 943–947.  
Lorenzo, J.-L., & Barbanoj, M.-J. (2002). Variability of sleep parameters across multiple 
laboratory sessions in healthy young subjects: The “very first night effect.” 
Psychophysiology, 39(4), 409–413.  
Ma, J., Zhang, C., Zhang, J., Hu, J., Fang, J., Zhang, J., … Wang, G.-F. (2011). 
Prospective study of first night effect on 2-night polysomnographic parameters in 
 
44 
 
adult Chinese snorers with suspected obstructive sleep apnea hypopnea syndrome. 
Chinese Medical Journal, 124(24), 4127–4131. 
McCall, C., & McCall, W. V. (2012). Objective vs. Subjective Measurements of Sleep in 
Depressed Insomniacs: First Night Effect or Reverse First Night Effect? Journal 
of Clinical Sleep Medicine, 8(1), 59-65. 
Morin, C. M., LeBlanc, M., Daley, M., Gregoire, J. P., & Mérette, C. (2006). 
Epidemiology of insomnia: Prevalence, self-help treatments, consultations, and 
determinants of help-seeking behaviors. Sleep Medicine, 7(2), 123–130.  
Mornhinweg, G. C., & Voignier, R. R. (1995). Music for sleep disturbance in the elderly. 
Journal of Holistic Nursing: Official Journal of the American Holistic Nurses’ 
Association, 13(3), 248–254. 
Moser, D., Kloesch, G., Fischmeister, F. P., Bauer, H., & Zeitlhofer, J. (2010). Cyclic 
alternating pattern and sleep quality in healthy subjects—Is there a first-night 
effect on different approaches of sleep quality? Biological Psychology, 83(1), 20–
26.  
Newell, J., Mairesse, O., Verbanck, P., & Neu, D. (2012). Is a one-night stay in the lab 
really enough to conclude? First-night effect and night-to-night variability in 
polysomnographic recordings among different clinical population samples. 
Psychiatry Research, 200(2–3), 795–801.  
Riedel, B. W., Winfield, C. F., & Lichstein, K. L. (2001). First night effect and reverse 
first night effect in older adults with primary insomnia: does anxiety play a role? 
Sleep Medicine, 2(2), 125–133.  
 
45 
 
Saletu, B., Klösch, G., Gruber, G., Anderer, P., Udomratn, P., & Frey, R. (1996). First-
night-effects on generalized anxiety disorder (GAD)-based insomnia: laboratory 
versus home sleep recordings. Sleep, 19(9), 691–697. 
Simavli, S., Kaygusuz, I., Gumus, I., Usluogulları, B., Yildirim, M., & Kafali, H. (2013). 
Effect of music therapy during vaginal delivery on postpartum pain relief and 
mental health. Journal of Affective Disorders, 156, 194-199.  
Singhal, P., Gupta, R., Sharma, R., & Mishra, P. (2014). Association of naso-Oro-
pharyngeal structures with the sleep architecture in suspected obstructive sleep 
apnea. Indian Journal of Otolaryngology and Head and Neck Surgery: Official 
Publication of the Association of Otolaryngologists of India, 66(Suppl 1), 81–87.  
Smith, C. E., Dauz, E., Clements, F., Werkowitch, M., & Whitman, R. (2009). Patient 
education combined in a music and habit-forming intervention for adherence to 
continuous positive airway (CPAP) prescribed for sleep apnea. Patient Education 
and Counseling, 74(2), 184–190.  
Somiah, M., Taxin, Z., Keating, J., Mooney, A. M., Norman, R. G., Rapoport, D. M., & 
Ayappa, I. (2012). Sleep quality, short-term and long-term CPAP adherence. 
Journal of Clinical Sleep Medicine: JCSM: Official Publication of the American 
Academy of Sleep Medicine, 8(5), 489–500.  
Suetsugi, M., Mizuki, Y., Yamamoto, K., Uchida, S., & Watanabe, Y. (2007). The effect 
of placebo administration on the first-night effect in healthy young volunteers. 
Progress in Neuro-Psychopharmacology and Biological Psychiatry, 31(4), 839–
847.  
 
46 
 
Sven-Olof Trängeberg, Ö., & Stomberg, M. W. (2013). Listening to Music During 
Regional Anesthesia: Patients’ Experiences and the Effect on Mood. Journal of 
PeriAnesthesia Nursing, 28(5), 291–297.  
Tamaki, M., Nittono, H., Hayashi, M., & Hori, T. (2005). Examination of the first-night 
effect during the sleep-onset period. Sleep, 28(2), 195–202. 
Tamaki, M., Nittono, H., & Hori, T. (2005). The first-night effect occurs at the sleep-
onset period regardless of the temporal anxiety level in healthy students. Sleep 
and Biological Rhythms, 3(2), 92–94.  
Toussaint, M., Luthringer, R., Schaltenbrand, N., Carelli, G., Lainey, E., Jacqmin, A., … 
Macher, J. P. (1995). First-night effect in normal subjects and psychiatric 
inpatients. Sleep, 18(6), 463–469. 
Urponen, H., Vuori, I., Hasan, J., & Partinen, M. (1988). Self-evaluations of factors 
promoting and disturbing sleep: an epidemiological survey in Finland. Social 
Science & Medicine (1982), 26(4), 443–450. 
Van der Helm, E., & Walker, M. P. (2009). Overnight Therapy? The Role of Sleep in 
Emotional Brain Processing. Psychological Bulletin, 135(5), 731–748.  
Vitiello, M. V., Larsen, L. H., & Moe, K. E. (2004). Age-related sleep change: Gender 
and estrogen effects on the subjective-objective sleep quality relationships of 
healthy, noncomplaining older men and women. Journal of Psychosomatic 
Research, 56(5), 503–510.  
 
47 
 
Voderholzer, U., Al-Shajlawi, A., Weske, G., Feige, B., & Riemann, D. (2003). Are there 
gender differences in objective and subjective sleep measures? A study of 
insomniacs and healthy controls. Depression and Anxiety, 17(3), 162–172.  
Wang, C.-F., Sun, Y.-L., & Zang, H.-X. (2014). Music therapy improves sleep quality in 
acute and chronic sleep disorders: A meta-analysis of 10 randomized studies. 
International Journal of Nursing Studies, 51(1), 51–62.  
Webb, W. B., & Campbell, S. S. (1979). The first night effect revisited with age as a 
variable. Waking and Sleeping, 3(4), 319–324. 
Williams, R. L., & Karacan, I. (1978). Sleep disorders: diagnosis and treatment. Wiley. 
Zengin, S., Kabul, S., Al, B., Sarcan, E., Doğan, M., & Yildirim, C. (2013). Effects of 
music therapy on pain and anxiety in patients undergoing port catheter placement 
procedure. Complementary Therapies in Medicine, 21(6), 689–696.  
 
 
 
 
 
 
 
 
48 
 
VITA 
 
49 
 
 
